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input Voltage, a pull-up element configured to pull-up drive a 
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down drive a final negative Voltage output terminal using a 
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NEGATIVE VOLTAGE REGULATION 
CIRCUIT AND VOLTAGE GENERATION 

CIRCUIT INCLUDING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of U.S. patent application Ser. 
No. 13/830,744 filed on Mar. 14, 2013, which claims priority 
of Korean Patent Application No. 10-2012-0146373, filed on 
Dec. 14, 2012. The disclosure of each of the foregoing appli 
cation is incorporated herein by reference in its entirety. 

BACKGROUND 

1. Field 
Exemplary embodiments of the present invention relate to 

semiconductor design technology, and more particularly, to a 
negative Voltage regulation circuit and a Voltage generation 
circuit including the same. 

2. Description of the Related Art 
Semiconductor devices operate internal circuits thereof 

using external Voltages Supplied from the external source. 
However, since various levels of Voltages are used in a semi 
conductor device, it may be difficult to supply all of the 
voltages to be used in the semiconductor device from the 
external source. In this regard, a semiconductor device 
includes Voltage generation circuits for generating Voltages 
with various levels using the external Voltages. 

FIG. 1 is a block diagram illustrating a conventional Volt 
age generation circuit for generating a read voltage Supplied 
to a word line in a read operation in a nonvolatile memory 
device Such as a flash memory. 

Referring to FIG. 1, the voltage generation circuit includes 
a first correction unit 110, a second correction unit 120, a 
target value provision unit 130, and an adding unit 140. 

The first correction unit 110 generates a voltage X for 
regulating the level of the read voltage VREAD which is a 
final output Voltage of the Voltage generation circuit, based on 
a process skew variation. That is, the level of the voltage X is 
changed based on the process skew variation. 
The second correction unit 120 for correcting a tempera 

ture variation generates a Voltage Y based on the Voltage X 
and temperature information (not illustrated) outputted from 
a temperature sensor (not illustrated). That is, the level of the 
voltage Y is changed based on the level of the voltage X and 
the temperature information. Thus, the voltage Y includes 
information on the amount of the read voltage VREAD to be 
regulated based on the process skew variation and the tem 
perature variation. 
The target value provision unit 130 generates a voltage Z. 

having information on a target Voltage of the read voltage 
VREAD. The target voltage indicates a voltage level of the 
read voltage VREAD in a state in which the process skew 
variation and the temperature variation are normal. For 
example, when the target Voltage is 2V, the read voltage 
VREAD becomes 2CV based on the process skew variation 
and the temperature variation (C. is a correction value corre 
sponding to the process skew variation and the temperature 
variation). When the target voltage is 3V, the read voltage 
VREAD becomes 3+CV based on the process skew variation 
and the temperature variation. 
The adding unit 140 linearly adds the voltage Y and the 

voltage Z to generate the read voltage VREAD. Since the 
voltage Y includes information on a correction value of the 
read voltage VREAD based on the temperature variation and 
the process skew variation and the Voltage Z includes infor 
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2 
mation on the target voltage of the read voltage VREAD, the 
read voltage VREAD generated by linearly adding the volt 
age Y and the Voltage Z has a value of target VoltagetC.. 

In the conventional art, only apositive Voltage is used as the 
read voltage VREAD. Recently, a negative voltage is also 
used as the read voltage to secure cell Vt distribution. How 
ever, it may be difficult to design the adding unit 140 that adds 
a negative Voltage (e.g., the target Voltage) and a positive 
Voltage (e.g., the correction value of the target Voltage) or 
adds two negative Voltages. Since the adding unit 140 uses the 
negative Voltage as a driving Voltage even when implemented, 
a large amount of current may be consumed. In this regard, a 
Voltage generation circuit that may regulate the level of a 
negative Voltage by positive Voltages while providing the 
negative Voltage as a final output Voltage is in demand. 

SUMMARY 

Exemplary embodiments of the present invention are 
directed to a negative Voltage regulation circuit that may 
regulate the level of a negative Voltage based on a positive 
Voltage. 

Other embodiments of the present invention are directed to 
a Voltage generation circuit that may generate various types of 
trimming information, Such as process skew variation or tem 
perature variation, as a positive Voltage, and may generate a 
negative Voltage having a level varying by the positive Voltage 
including the trimming information. 

In accordance with an embodiment of the present inven 
tion, a negative Voltage regulation circuit includes an opera 
tional amplifier configured to receive a feedback Voltage and 
an input voltage, a pull-up element configured to pull-up drive 
a first node based on output Voltage of the operational ampli 
fier, a load element coupled between the first node and a 
negative Voltage terminal, a pull-down element configured to 
pull-down drive a final negative Voltage output terminal using 
a Voltage of the negative Voltage terminal, based on a Voltage 
level of the first node, and a voltage division unit coupled 
between the output terminal and a pull-up Voltage terminal, 
and configured to generate the feedback Voltage by Voltage 
division. 

In accordance with another embodiment of the present 
invention, a Voltage generation circuit includes a negative 
Voltage generation unit configured to generate a negative 
Voltage, a first Voltage generation unit configured to generate 
a first positive Voltage having first correction information, a 
second Voltage generation unit configured to generate a sec 
ond positive Voltage having second correction information, 
an addition unit configured to add the first positive Voltage 
and the second positive Voltage to generate a third positive 
Voltage, and a negative Voltage regulation unit configured to 
regulate the negative Voltage based on the third positive Volt 
age and regulation target information, and to generate a final 
negative Voltage. 

In accordance with yet another embodiment of the present 
invention, a negative Voltage regulation circuit includes an 
operational amplifier configured to receive a feedback volt 
age and an input Voltage, a first PMOS transistor having a 
Source coupled to a power Supply Voltage terminal, a drain 
coupled to a first node, and a gate receiving an output Voltage 
of the operational amplifier, a first resistor coupled between 
the first node and a negative Voltage terminal, a Voltage divi 
sion unit coupled between the power Supply Voltage terminal 
and a final output terminal, and configured to output the 
feedback Voltage by using a Voltage division ratio, which is 
varied based on regulation target information, and a second 
PMOS transistor having a source coupled to the final output 
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terminal, a drain coupled to the negative Voltage terminal, and 
a gate coupled to the first node. 
The negative Voltage regulation circuit in accordance with 

an embodiment of the present invention may regulate the 
level of a negative Voltage based on a positive Voltage with a 
simple circuit configuration. 
The Voltage generation circuit in accordance with another 

embodiment of the present invention may generate various 
types of trimming information, such as process skew varia 
tion or temperature variation, as a positive Voltage, and may 
generate a negative Voltage having a level varying based on 
the positive Voltage including the trimming information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a conventional Volt 
age generation circuit for generating a read voltage. 

FIG. 2 is a circuit diagram illustrating a negative Voltage 
regulation circuit in accordance with an embodiment of the 
present invention. 

FIG. 3 is a block diagram illustrating a Voltage generation 
circuit in accordance with an embodiment of the present 
invention. 

FIG. 4 is a detailed diagram illustrating a first Voltage 
generation unit shown in FIG. 3. 

FIG. 5 is a configuration diagram illustrating a second 
Voltage generation unit shown in FIG. 3. 

FIG. 6 is a configuration diagram illustrating an adding unit 
shown in FIG. 3. 

FIG. 7 is a cross-sectional view illustrating a pull-down 
element shown in FIG. 2. 

DETAILED DESCRIPTION 

Exemplary embodiments of the present invention will be 
described below in more detail with reference to the accom 
panying drawings. The present invention may, however, be 
embodied in different forms and should not be construed as 
limited to the embodiments set forth herein. Rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the 
present invention to those skilled in the art. Throughout the 
disclosure, reference numerals correspond directly to the like 
parts in the various figures and embodiments of the present 
invention. It is also noted that in this specification, "con 
nected/coupled refers to one component not only directly 
coupling another component but also indirectly coupling 
another component through an intermediate component. In 
addition, a singular form may include a plural form as long as 
it is not specifically mentioned in a sentence. 

FIG. 2 is a circuit diagram illustrating a negative Voltage 
regulation circuit in accordance with an embodiment of the 
present invention. 

Referring to FIG. 2, the negative Voltage regulation circuit 
includes an operational amplifier 210, a pull-up element P1, a 
load element R1, a pull-down element P2, and a voltage 
division unit 220. 
The operational amplifier 210 is configured to receive a 

feedback voltage F1 and an input voltage VIN. The input 
voltage VIN is used to regulate a voltage level of an output 
terminalVOUT of the negative voltage regulation circuit. The 
input voltage VIN and the feedback voltage F1 inputted to the 
operational amplifier 210 are positive Voltages, and the opera 
tional amplifier 210 operates using a pull-up Voltage and a 
ground voltage VSS. In the exemplary embodiment, the pull 
up Voltage is exemplified as a power Supply Voltage VCC. 
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4 
However, as well as the power supply voltage VCC, a positive 
Voltage having a level lower than the power Supply Voltage 
VCC may be used as the pull-up voltage. Output voltage A of 
the operational amplifier 210 is increased as the feedback 
voltage F1 becomes higher than the input voltage VIN, and is 
reduced as the input voltage VIN becomes higher than the 
feedback voltage F1. 
The pull-up element P1 is configured to pull-up drive a 

node B based on the output voltage A of the operational 
amplifier 210. The pull-up element P1 may include a PMOS 
transistor as illustrated in FIG. 2, and a pull-up voltage VCC 
may be supplied to a body of the PMOS transistor. As the 
output voltage A of the operational amplifier 210 has a low 
level, the pull-up element P1 is strongly turned on to increase 
a voltage of the node B. As the output voltage A of the 
operational amplifier 210 has a high level, the pull-up element 
P1 is weakly turned on to reduce the voltage of the node B. 
The load element (R1, a resistor) is coupled between the 

pull-up element P1 and a negative voltage terminal VNEG. 
The negative voltage terminal VNEG is a voltage terminal to 
which a negative voltage VNEG to be regulated by the nega 
tive Voltage regulation circuit is Supplied. 
The pull-down element P2 is configured to pull-down drive 

an output terminalVOUT using the negative Voltage, which is 
supplied to the negative voltage terminalVNEG, based on the 
voltage of the node B. The pull-down element P2 may include 
a PMOS transistor as illustrated in FIG. 2, and the ground 
voltage VSS may be supplied to a body of the PMOS transis 
tor. This may substantially prevent a current path from being 
generated by the turn-on of a parasitic diodegenerated in the 
PMOS transistor (refer to FIG. 7). As the voltage of the node 
B becomes low, the pull-down element is strongly turned on 
to reduce a voltage level of the output terminal VOUT. As the 
voltage of the node B becomes high, the pull-down element is 
weakly turned on to increase the voltage level of the output 
terminal VOUT. 
The voltage division unit 220 is coupled between the out 

put terminal VOUT and a pull-up voltage terminal VCC and 
is configured to generate the feedback Voltage F1 by Voltage 
division. The voltage division unit 220 may include two resis 
tors R2 and R3 as illustrated in FIG.2, whereinamong the two 
resistors R2 and R3, the resistor R2 may be a variable resistor 
having a resistance that is adjusted by regulation target infor 
mation TARGET CODE. FIG. 2 illustrates that the resis 
tance of the resistor R2 is adjusted by the regulation target 
information TARGET CODE. However, a resistance of the 
resistor R3 may be adjusted by the regulation target informa 
tion TARGET CODE. Furthermore, the voltage division unit 
220 may be designed to include three or more resistors, 
wherein among the three or more resistors, a resistance of at 
least one resistor may be adjusted by the regulation target 
information TARGET CODE. 
From a different point of view, the PMOS transistor P2 and 

the voltage division unit 220 may form a source follower. 
An entire operation of the negative Voltage regulation cir 

cuit will be described. When the level of the feedback voltage 
F1 is higher than that of the input voltage VIN, the voltage of 
the node B is reduced and thus the voltage of the output 
terminal VOUT is reduced. Meanwhile, as the level of the 
input voltage VIN becomes higher than that of the feedback 
voltage F1, the voltage of the node B is increased, and thus the 
voltage of the output terminal VOUT is increased. These 
operations are repeated, so that the level of the feedback 
voltage F1 is substantially equal to the level of the input 
voltage VIN. Accordingly, the Voltage level VOUT of the 
output terminal is VIN+(R3/R2)*(VIN-VCC). That is the 
voltage level of the output terminal VOUT is determined 
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based on a resistance ratio of R3/R2 determined by the regu 
lation target information TARGET CODE, and the level of 
the input voltage VIN. 

The negative Voltage regulation circuit of the embodiment 
of the present invention is able to regulate the level of the 
negative voltage VOUT that is outputted by the input voltage 
VIN having a positive Voltage level and the regulation target 
information TARGET CODE having a positive voltage 
level. Furthermore, the negative Voltage regulation circuit of 
the embodiment of the present invention has an advantage in 
that a negative Voltage is Supplied only to the negative Voltage 
terminalVNEG and the output terminalVOUT, and a positive 
Voltage is used in other nodes. 

FIG. 3 is a block diagram illustrating a Voltage generation 
circuit in accordance with another embodiment of the present 
invention. The Voltage generation circuit, which generates a 
negative read voltage VREAD to be supplied to a word line in 
a read operation in a nonvolatile memory, is illustrated. 

Referring to FIG.3, the voltage generation circuit includes 
a negative Voltage generation unit 310, a first Voltage genera 
tion unit 320, a second Voltage generation unit 330, an adding 
unit 340, and a negative voltage regulation unit 350 (FIG. 2). 

The negative Voltage generation unit 310 is configured to 
generate a negative Voltage VNEG having a negative level 
that is lower than that of the ground voltage VSS using the 
power supply voltage VCC and the ground voltage VSS. It is 
widely known that the negative voltage generation unit 310 
may include a plurality of charge pumps serially connected to 
one another or connected in parallel to one another. 
The first voltage generation unit 320 is configured to 

receive a reference voltage VREF and temperature informa 
tion TEMP CODE and to generate a first voltage V TEMP 
having a positive level. A level of the first voltage V TEMP is 
changed based on a level of the reference voltage VREF and 
the temperature information TEMP CODE. As a conse 
quence, the first voltage V TEMP has information on tem 
perature. The first voltage generation unit 320 uses the power 
supply voltage VCC and the ground voltage VSS as an oper 
ating Voltage thereof. 
The second voltage generation unit 330 is configured to 

receive the reference Voltage VREF and process skew infor 
mation SKEW CODE and to generate a second voltage 
V SKEW having a positive level. A level of the second volt 
age V SKEW is changed based on the level of the reference 
voltage VREF and the process skew information SKEW 
CODE. As a consequence, the second voltage V SKEW has 
information on process skew. The second Voltage generation 
unit 330 uses the power supply voltage VCC and the ground 
Voltage VSS as an operating Voltage thereof. 
The adding unit 340 is configured to linearly add the first 

voltage V TEMP and the second voltage V SKEW and gen 
erate a third voltage V SUM. Since the first voltage V TEMP 
has the information on temperature and the second Voltage 
V SKEW has the information on process skew, the third 
voltage V SUM includes information on the amount by 
which an output Voltage of the Voltage generation circuit is to 
be changed based on environment, Such as temperature and 
process skew. The adding unit 340 uses the power Supply 
Voltage VCC and the ground Voltage VSS as an operating 
voltage thereof. 
The negative voltage regulation unit 350 indicates the 

negative Voltage regulation circuit described in FIG. 2. In 
FIG. 2, the terminal VIN corresponds to a terminal V SUM of 
FIG. 3 and the terminal VOUT corresponds to a terminal 
VREAD of FIG. 3. The negative voltage regulation unit 350 
generates a read voltage VREAD that is a negative Voltage 
having regulation target information TARGET CODE on a 
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6 
target voltage of the read voltage VREAD and a level regu 
lated by a voltage level of the third voltage V SUM. 

Referring to FIG.3, the voltage V TEMP having the infor 
mation on temperature and the voltage V SKEW having the 
information on process skew are generated as positive Volt 
ages, and these positive voltages V TEMP and V SKEW are 
added by the adding unit 340 and are generated as the Voltage 
V SUM indicating an environmental factor. Then, based on 
the voltage V SUM, which is a positive voltage that indicates 
an environmental factor, and the regulation target information 
TARGET CODE, the read voltage VREAD having a nega 
tive value is generated. Consequently, a negative Voltage may 
be generated while maximally Suppressing the use of a nega 
tive Voltage. 

FIG.3 illustrates that the voltage generation circuit gener 
ates the read voltage VREAD of the memory device. How 
ever, the voltage generation circuit of the embodiment of the 
present invention may be applied to all types of devices as 
well as the memory device, and may be used to generate 
various negative voltages. Furthermore, FIG.3 illustrates that 
the Voltage generation circuit uses the process skew informa 
tion SKEW CODE and the temperature information TEMP 
CODE as the environmental factor. However, in addition to 
these types of information, other types of information (for 
example, information on an operating frequency or informa 
tion on various setting values) may be used as the environ 
mental factor. 

FIG. 4 is a detailed diagram illustrating the first voltage 
generation unit 320 shown in FIG. 3. 

Referring to FIG. 4, the first voltage generation unit 320 
includes a control Voltage generation section 410, an opera 
tional amplifier 420, and a voltage division section 430. 
The control Voltage generation section 410 includes a tran 

sistor 411 and a resistor 412. As the level of the reference 
voltage VREF inputted to the transistor 411 becomes high, a 
level of a control voltage E is high, and as the level of the 
reference voltage VREF becomes low, the level of the control 
voltage E is low. 
The operational amplifier 420 is configured to receive the 

control voltage E and a feedback voltage F2. When the level 
of the control voltage E is higher than that of the feedback 
Voltage F2, a Voltage level of an output node G of the opera 
tional amplifier 420 is high. When the level of the feedback 
voltage F2 is higher than that of the control voltage E, the 
voltage level of the output node.G of the operational amplifier 
420 is low. 
The voltage division section 430 is configured to divide the 

voltage of the output node G of the operational amplifier 420 
using resistors 431 to 433, and to generate the first voltage 
V TEMP and the feedback voltage F2. Among the resistors 
431 to 433, a resistance of the resistor 433 may be adjusted 
based on the temperature information TEMP CODE. 
The first voltage generation unit 320 having the aforemen 

tioned configuration generates the first voltage V TEMP hav 
ing a level that is determined based on the level of the refer 
ence voltage VREF and the temperature information 
TEMP CODE. 

FIG. 5 is a detailed diagram illustrating the second voltage 
generation unit 330 shown in FIG. 

Referring to FIG. 5, the second voltage generation unit 330 
includes an operational amplifier 510 and a voltage division 
Section 520. 
The operational amplifier 510 is configured to receive the 

reference voltage VREF and a feedback voltage F3. When the 
level of the reference voltage VREF is higher than that of the 
feedback voltage F3, a voltage level of an output node Hofthe 
operational amplifier 510 is high. When the level of the feed 
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back voltage F3 is higher than that of the reference voltage 
VREF, the voltage level of the output node H of the opera 
tional amplifier 510 is low. 
The Voltage division section 520 is configured to divide the 

Voltage of the output node H of the operational amplifier 510 
using resistors 521 to 523, and to generate the second voltage 
V SKEW and the feedback voltage F3. Among the resistors 
521 to 523, a resistance of the resistor 523 may be adjusted 
based on the process skew information SKEW CODE. 

The second voltage generation unit 330 having the afore 
mentioned configuration generates the second voltage 
V SKEW having a level that is determined based on the level 
of the reference voltage VREF and the process skew infor 
mation SKEW CODE. 

FIG. 6 is a detailed diagram illustrating the adding unit 40 
shown in FIG. 3. 

Referring to FIG. 6, the adding unit 340 includes an opera 
tional amplifier 610 and resistors R4 and R5. 

Base on the virtual short and virtual open principle, since 
(V SKEW-V TEMP)/R4+(V SKEW-V SUM)/R5–0, the 
third voltage V SUM=(R5/R4)*(V SKEW-V TEMP)+ 
V SKEW. That is, the third voltage V SUM is obtained by 
linearly adding the first voltage V TEMP and the second 
voltage V SKEW. 

FIG. 7 is a cross-sectional view illustrating the pull-down 
element P2 shown in FIG. 2. 

Referring to FIG. 7, a P+ drain region 702, a P+ source 
region 703, a gate electrode 701, and an N+ pick-up region 
704 are formed on an N-well (or N-substrate). A parasitic 
diode 705 is formed in the substrate. The ground voltage VSS 
is supplied to the body of the PMOS transistor (i.e., the 
pull-down element P2) through the N+ pick-up region 704. 
Thus, a current leakage caused by the turned-on parasitic 
diode 705 may be substantially reduced. 

While the present invention has been described with 
respect to the specific embodiments, it should be noted that 
the embodiments are for describing, not limiting, the present 
invention. Further, it should be noted that the present inven 
tion may be achieved in various ways through substitution, 
change, and modification, by those skilled in the art without 
departing from the scope of the present invention as defined in 
the following claims. 
What is claimed is: 
1. A Voltage generation circuit comprising: 
a negative Voltage generation unit configured to generate a 

negative Voltage; 
a first Voltage generation unit configured to generate a first 

positive Voltage having first correction information; 
a second Voltage generation unit configured to generate a 

second positive voltage having second correction infor 
mation; 

an addition unit configured to add the first positive voltage 
and the second positive Voltage to generate a third posi 
tive voltage; and 

a negative Voltage regulation unit configured to regulate the 
negative Voltage based on the third positive voltage and 
regulation target information, and to generate a final 
negative Voltage; 

wherein the first correction information is used to correct 
the output voltage based on a temperature variation, and 
the second correction information is used to correct the 
output Voltage based on a process skew variation. 
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2. The Voltage generation circuit of claim 1, wherein the 

first Voltage generation unit comprises: 
a first operational amplifier configured to receive a control 

Voltage regulated by a reference voltage and a first feed 
back voltage; and 

a first Voltage division section configured to divide an 
output Voltage of the first operational amplifier to gen 
erate the first feedback voltage and the first voltage with 
a Voltage division ratio of the first voltage division sec 
tion that is regulated by the first correction information. 

3. The Voltage generation circuit of claim 2, wherein the 
second Voltage generation unit comprises: 

a second operational amplifier configured to receive the 
reference Voltage and a second feedback voltage; and 

a second Voltage division section configured to divide an 
output Voltage of the second operational amplifier to 
generate the second feedback voltage and the second 
Voltage with a voltage division ratio of the second posi 
tive Voltage division section that is regulated by the 
second correction information. 

4. The Voltage generation circuit of claim 3, wherein the 
addition unit comprises: 

a third operational amplifier configured to output the third 
Voltage; 

a first resistor coupled between a first input terminal of the 
third operational amplifier and an output terminal of the 
first Voltage generation unit; and 

a second resistor coupled between the first input terminal 
and an output terminal of the third operational amplifier. 

5. The voltage generation circuit of claim 1, wherein the 
negative Voltage regulation unit comprises: 

an operational amplifier configured to receive a feedback 
Voltage and the third positive voltage; 

a pull-up element configured to pull-up drive a first node 
based on output voltage of the operational amplifier; 

a load element coupled between the first node and a nega 
tive Voltage terminal from which the negative voltage is 
generated; 

a pull-down element configured to pull-down drive the 
final negative voltage output terminal, from which the 
final negative voltage is outputted, using the negative 
Voltage based on a voltage level of the first node; and 

a Voltage division unit coupled between the negative volt 
age output terminal and a pull-up voltage terminal, and 
configured to generate the feedback voltage by voltage 
division. 

6. The voltage generation circuit of claim 5, wherein the 
feedback voltage is a positive voltage. 

7. The voltage generation circuit of claim 6, wherein the 
pull-up element includes a first PMOS transistor and the 
pull-down element includes a second PMOS transistor. 

8. The voltage generation circuit of claim 7, wherein a 
power supply voltage is supplied to a body of the first PMOS 
transistor, and a ground Voltage is supplied to a body of the 
second PMOS transistor. 

9. The Voltage generation circuit of claim 1, wherein the 
Voltage division unit comprises: 
two or more resistors serially connected to each other 

between the negative voltage output terminal and the 
pull-up Voltage terminal, 

wherein a resistance of one of the resistors is adjusted 
based on the regulation target information. 
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